: Genetic diversity of chickpea genotypes as revealed by Vol 49, No. 2,[415][416][417][418][419][420][421][422][423] Genetic diversity of 62 chickpea accessions was studied using 8 ISSR and 11 RAPD primers. In the study RAPD primers detected more polymorphism (98%) than the ISSR primers (80%). Genetic diversity index was high (0.73 for ISSR and 0.85 for RAPD) for each of these marker systems. Cluster analysis performed from both separate and combined data of RAPD and ISSR markers using SPSS software package. Jaccard's similarity coefficient for 62 chickpea genotypes was 0.65. Cluster analyses based on combined data generated a dendrogram that separated genotypes into 11 clusters. Four clusters contained only one genotype showing the genetic uniqueness of these accessions. The studied chickpea collection has been proved to constitute a rich source of biodiversity as revealed by RAPD and ISSR markers. Crossing between distantly related genotypes is expected to yield more vigorous plants constituting much of the different traits contained in the two parental lines.
INTRODUCTION
The genus Cicer includes a total of 43 species which involves 9 annual species containing cultured chickpea, 33 perennial species and 1 unclassified specie (SETHY et al., 2006a) . Among these groups, the only variety which has economic importance is Cicer arietinum L. It is a cultivated chickpea and has a genome of 750 Mbp in size. C. arietinum is a self pollinated diploid legume with a basic chromosome number of 8 (SETHY et al., 2006b ). Genetic polymorphism is extremely low in cultured chickpeas so that developing new varieties is difficult through classical breeding methods. In case of that, molecular markers have been used in breeding programs in recent years (WINTER et al., 1999) .
Molecular markers reflect with more accuracy the genotypes, independently from the environmental effects and therefore are used in identifying cultivar, registration of new varieties, classification of crop species and in studying phylogenesis and genetic diversity, thereby improving the efficiency of chickpea breeding programs in cultivar development. These markers are divided into 2 groups: specific (SSR, SNP, CAPS etc.) and non-specific (RAPD, ISSR, AFLP, SRAP etc.) (FERNANDEZ et al., 2002) . Different marker types were used to study genetic diversity in different crops, as well as in chickpea (AHMAD, 1999; CHOWDHURY et al., 2002; SUDUPAK et al., 2002; ALIYEV et al., 2007; BABAYEVA et al., 2009; HAJIYEV et al., 2015) . Among different marker systems RAPD and ISSR are often chosen to perform genetic diversity studies considering their advantages compared to other DNA markers. These methods are widely applicable because they are rapid, inexpensive, simple, do not require prior knowledge of DNA sequence, and require very little starting DNA template (ESSELMAN et al., 1999) . RAPD markers are the amplification products of anonymous DNA sequence using single, short and arbitrary oligonucleotide primers, while ISSR markers consider the amplification of DNA segment between two identical microsatellite repeat regions oriented in opposite direction. RAPD and ISSR have already been used for cultivar identification and taxonomic relationship studies in chickpeas. IRUELA et al. (2002) showed that RAPD markers successfully identified genetic variation in Cicer. RAO et al. (2007) reported that the ISSR data in cultivated chickpea together with pedigree data and morphological traits can help the selection of good parental material in chickpea breeding programs.
The present study aimed to assess the usefulness of non-specific RAPD and ISSR markers in studying genetic diversity and relationship among chickpea accessions and varieties.
MATERIALS AND METHODS
A total of 62 chickpea genotypes of diverse origin were used in the study (table 1). The accessions named as Flip were previously obtained from ICARDA genebank. The names of the rest local genotypes coincide with their collection region (i.e., Lenkeran 1 was collected from Lenkeran, Ordubad 39 was collected from Ordubad region of Azerbaijan etc.). Narmin and Sultan are local improved varieties. All plants were grown in field condition at GRI of ANAS.
Genomic DNA was extracted from leaf tissue (2g) according to modified CTAB method by Rogers (ROGERS et al., 1985) . The quality and quantity of extracted DNA was determined by spectrophotometer. The DNA concentration was adjusted to 20 ng µl -1 to use for PCR. Eight ISSR primers out of 15 were used for diversity analysis in chickpea. PCR was carried out in 25 µl reaction volume containing 2.5 µl 10 X PCR buffer, 2 µl dNTP (5 mM), 2 µl primer (10 µM), 1.5 µl MgCl2 (50 mM), 0.2 µl Tag polymerase and 20 ng extracted DNA. PCR condition was as following: initial denaturation at 94°C for 2 min, 40 cycles of denaturation at 94°C for 1 min, annealing at 50-55°C for 45 seconds, extension at 72°C for 1 min and final extension at the same temperature for 7 min.
Eleven RAPD primers out of 30 that produce scorable bands were used to study diversity. PCR mix content was as in ISSR analysis. Amplification was performed in T100 thermal cycler (BioRad) in following conditions: initial denaturation at 94°C for 2 min, 35 cycles of denaturation at 94°C for 1 min, annealing at 35-37°C for 45 seconds, extension at 72°C for 1 min and final extension at 72°C for 5 min.
PCR products were analyzed using 1.8% agarose gel, stained with etidium bromide and documented using BIO-RAD gel documentation system. A 100 bp ladder was used as a molecular size standard.
Fragments amplified by ISSR and RAPD primers were scored for presence or absence and coded as (1) or (0) respectively. WEIR's genetic diversity index (GDI) was calculated based on binary matrix (1990). Cluster analysis was performed using the unweighted pair-group method with arithmetical average (UPGMA) and dendrograms were constructed on the basis Jaccard's genetic similarity index (1908) using SPSS (2003) (Figure 1) . The eight ISSR primers amplified a total of 41 bands, of which 32 bands (80%) were polymorphic (table 2). The highest number of bands (8) The effectiveness of this primer in distinguishing chickpea genotypes resistant to high temperature was also noted by the authors. So, SCAR (Sequence Characterized Amplified Region) primer can be developed from the ISSR amplicon and used to screen chickpea genotypes for drought resistance. DODDAMANI et al. (2014) provided detailed information on SSRs in chickpea genome. Of the simple SSRs, the most frequently occurring motifs were AT (41%) in di-SSRs, and AAT (13.25%) in tri-SSRs. In the present study primers containing (GA)n (UBC 810, UBC 811, UBC 112, UBC 873) were more polymorphic in comparison to the other primers. RATNAPARKHE et al.
Table 2. Number of bands, polymorphism and genetic diversity detected by ISSR primers

Primer
Number of bands Only 2 (UBC 827 and UBC 864) out of 8 primers showed 100% polymorphism (table 2) . The highest Genetic Diversity Index was recorded for UBC 810 and UBC 808, while primer UBC 873 had the lowest GDI. On the average genetic diversity index observed in studied chickpea collection was 0.73.
RAPD analysis
A total of 30 RAPD primers were checked in 5 genotypes to produce clear and polymorphic bands. Among them 11 primers that showed polymorphism were used for further analyses.
The total number of markers observed in 62 chickpea genotypes was 77, of which 76 were polymorphic (table 3). The polymorphism rate ranged from 80 to 100%. Seven primers showed 100% polymorphism. AHMAD et al. (1999) reported the high polymorphism level for chickpea species detected by RAPD markers. High number of polymorphic bands was observed in OPA 19, OPG 12 and OPF 03 primers, while the least number was noted for primer OPD 4. On the average, each primer amplified 7 bands. Among used primers the highest and lowest genetic diversity indices were 0.97 (OPS 09 and OPF 03) and 0.63 (OPG 14) respectively. The mean GD value was 0.85. This confirms the existence of higher genetic diversity among studied chickpea accessions. The findings were in accordance with SUDUPAK et al. (2002) who observed 95 bands with 7 RAPD primers, of which 92 were polymorphic.
Table 3. Number of bands, polymorphism and genetic diversity detected by RAPD primers
Cluster analysis
Cluster analysis performed from both separate and combined data of RAPD and ISSR markers using SPSS software package. Dendrogram separated genotypes into 8 and 12 clusters based on ISSR and RAPD markers, respectively (data not shown). So, in our study based on the results of electrophoretic analysis in agarose gel RAPD markers revealed more diversity in compare with ISSR markers. CHOWDHURY et al. (2002) The similarity between two marker systems on revealing genetic relationship among genotypes was also noted in the number of literature (FERNANDEZ et al., 2002; TANYOLAC et al., 2003; IZZATULLAYEVA et al., 2014) .
Combined ISSR and RAPD analysis
Cluster analyses based on combined data generated a dendrogram that separated genotypes into 11 clusters (figure 4). Four clusters contained only one genotype. Cluster I that included 39 accessions was further divided into 2 subclusters with 20 and 19 genotypes respectively. Eighteen accessions in the first subcluster were introduced from ICARDA. Flip 00-19, Flip 97-32, Sultan and TH 1-04 varieties, which were estimated as highly perspective by MIRZEYEV et al. (2010) , were also located in this group. Other perspective varieties such as Narmin, Aghstafa 42, Lankaran 2 and Jalilabad 50 which were distinguished for plant height and productivity were grouped in cluster V.
Some relationship was observed between genetic structure of genotypes and geographic location. Hybridization between any distantly related genotypes with best agronomic traits is expected to yield more heterotic and vigorous plants constituting much of the different traits contained in the two parental lines. Using genetic diversity and similarity parameters simultaneously for improvement programs would be the best approach (FIKIRU et al., 2007) .
In conclusion, the present study confirms the suitability and effectiveness of RAPD and ISSR markers in evaluation of genetic diversity and relationship in chickpea collection. The most effective RAPD primers were OPD 02, OPD 11, OPS 09, OPD 4, OPF 03 and OPG 4, whereas UBC 810, UBC 808 and UBC 827 were the best ISSR markers. The studied chickpea collection has been proved to constitute a rich source of biodiversity as revealed by RAPD (0.85) and ISSR (0.73) markers. ACKNOWLEDGEMENT This work was supported by the Science Development Foundation under the President of the Republic of Azerbaijan -Grant № EIF-2011-1(3)-82/51/3, Grant № EIF-2012-2(6)-39/03/3 and ANAS.
